A model for the reaction kinetics of interface state generation is developed. The reaction kinetics lie between third and first order for high and low concentrations of radiolytic molecular hydrogen, respectively. The application of these equations to the treatments of post irradiation effects is discussed.
Introduction
In using radiation hard parts in military and space systems it is necessary to extrapolate from the hardness measured in hardness testing (typically 10 s after irradiation) to the hardness to be expected at short times (<<10 s after a radiation pulse) or at very long times (e.g. 10 s). These extrapolations are made difficult by the time dependent production and removal of radiation induced charged defects.
It is tentatively suggested that in MOS devices there are four key processes whose time dependence must be considered.
They are (1) the transport of holes to the vicinity of the Si-SiO2 interface and subsequent trapping as E' centers, (2) Some work exists in the literature giving models for the time dependence of these processes.
The time dependence of the first process has been treated by McLean et al. using a hopping model for hole transport [1] . The third process has been treated by Neamen using an electron tunneling model [5] . The fourth process has been treated by Brown et al. assuming the diffusion of H 20 to be the rate limiting step [4] . The present paper will present a treatment of the second process using a microscopic model of the process of interface state generation. Background D. L. Griscom has recently presented a model giving chemical reaction equations and chemical kinetics equations for interface state production at SiO2-Si interfaces in devices [6, 7] . In his model radiolytic molecular hydrogen is produced in the oxide bulk. The diffusion of this hydrogen then determines the time dependence of post-irradiation interface state buildup. The potential importance of radiolytic hydrogen to the production of electrically active defects had been discussed at an earlier date by, for example, Revez [8] and Hughes [9] . This paper will first briefly review selected portions of the Griscom model and then extend the model with emphasis on the time dependence of interface state buildup.
Review of the Model
This section will briefly state those portions of the Griscom model [6, 7] which will serve as foundation for the developments of the present paper.
For a more detailed treatment, and for a detailed justification of the model, the reader is referred to the orginal paper [7] . In the model, the interaction of ionizing radiation with hydrogen combined in This fact provides the electric field dependence of the model. The reader is referred to Griscom [7] for further discussion of the field dependence.
The key kinetic equations presented by Griscom [7] . This corresponds to 350 nm in 20s, a value which should be compared with the characteristic time for interface state generation given in Table I .
Finally, Griscom considered the possibility of fitting a set of data published by McGarrity et al. [2] giving the time dependence of interface state buildup. He observed that he could obtain an excellent fit to one set of data if he replaced the coupled Eqs. (2) and (3) (si
where n is set to 3. The notation [ ... ] implies 0 the concentration at t=O. It was emphasized that the good fit was obtained using only physically reasonable parameters and no fitting factors (other than the choice of n). The reason for this good fit will be one of the themes of this paper.
Theory
Griscom's observation of a third order reaction is quite striking in that it was for a case for which the coupled Eqs. 2 and 3 should represent the kinetics. It will be shown that Eqs. 2 and 3 (and related equations) lead directly to a prediction of the order of reaction in two limiting cases. It will be seen that the form of the reaction kinetics flows from the competition between the consumption of H2 in the oxide bulk and at the interface. 
These four equations correspond to Griscom's Eqs. 
In the above equations we have used, also following Griscom [7] , the assumption that k v: k2 since they are both based on the diffusion of H.
It is now appropriate to apply the limiting case assumption xd [ [2] .
The experimental data of McGarrity et al. [2] , previously used by Griscom [6, 7] , is an unusually good vehicle for testing the material of the previ- (14) ous paragraph. Curve A of Fig. 1 represents a case where the interface state generation was followed while a positive bias was maintained. For curves B, C, and D, the bias polarity was reversed at 0.8 s, and then returned to positive bias at 20, 200 and 2000 s, respectively.
On the basis of Griscom' s model it is to be expected that during the negative bias period the H2 concentration should continue to drop (due to reaction with nonbridging oxygen hole centers, Eqn. 2) while the interface state concentration should remain constant (because that reaction requires electrons supplied from the silicon). It follows from the present reasoning that one may expect to see a progressive reduction of reaction order as we consider curves A, B, etc.
In order to test this hypothesis, the data of Fig. 1 are have been used to prepare Fig. 2 , where the rate of the interface state reaction is displayed. The data plotted in Fig. 2 are the measured slopes of curves A, B, and C of Fig. 1 . If it is hypothesized that the data should represent an nth order chemical reaction (see Eq. 4) then it follows that the data of Fig. 2 should lie on straight lines whose slope is the reaction order, n.
It will be observed in Fig. 2 that Curve A (corresponding to curve A of Fig. 1 ) gives a slope (and thus a reaction order) of about 2.9. This curve is based on the data which Griscom was able to fit using Eq. 4 with n set to 3. Curves B and C show slopes (reaction orders) of about 1.6 and 1.2, respectively. Thus, the maximum reaction order corresponds to the case which is expected to have the maximum [H 2 while the minimum reaction order corresponds to the minimum expected [H ]. .012 .005
-PRERAD E E addition, the initial values of the reaction rate can be seen in Fig. 2 Thus, to summarize, these data support: (a) the understanding of the interface state generation provided by the Griscom model, and (b) the conclusion that the reaction order must lie between 3 and 1.
It should be emphasized, however, that the data of Fig. I were determined using capacitors with wetprocess oxides and metal gates. It remains to be shown that similar results are obtained with other processes.
The results cf a numerical solution of the coupled Eqs. 10-13 are presented in Fig. 3 . The dashed and solid lines in Fig. 3 It has been suggested frequently [10, 11] Equation 21 has the property that a log-log plot yields straight lines at long times. Further, this straight line has the slope -1/(n-1), where n is the reaction order. This is shown in Fig. 4 where curve A of Fig. 1 
